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Abstract 
 Self-sufficiency is the foundation on which the San Francisco Agricultural School 
operates. The school strictly follows its belief in training the students to become independent and 
apply their knowledge from the classroom to the real world. The education they receive helps the 
students develop skills to cultivate an independent market to promote the school’s self-
sufficiency. One method that allows the school to provide for itself is to produce and use its own 
energy. The team focused on improving the functionality of the biodigester at the school to 
provide biogas for use in areas that demand renewable energy. A description of the school’s 
energy uses and needs as well as methods to improve the production of biogas are provided. 
Additionally, recommendations for a design that improves the efficiency of the biodigester are 
included.   
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Executive Summary 
Introduction 
Paraguay is a small country in the middle of South America. Because of its rich land and 
warm climate, many people grow up having careers in agriculture and raising livestock. As one 
of the most underdeveloped countries in the continent, many people in Paraguay live in poverty. 
In 1985, Fundacion Paraguaya, a non-governmental organization, was founded by Martin Burt to 
decrease the negative effects of poverty by giving the people of Paraguay opportunities to 
provide for themselves through various programs. One such program is the San Francisco 
Agricultural School which is a self-sufficient high school in Cerrito, Paraguay. The students at 
the agricultural school come from very different backgrounds and many come from poor 
families. The school teaches them skills and provides them with an education to help them 
improve their lives.  
Literature Review 
Self-sustainability and green energy are two solutions that farms implement to support 
themselves. A biodigester is a chamber that recycles organic waste to produce biogas and 
fertilizer. Biogas is a combination of methane and carbon dioxide. Methane is a gas very similar 
to natural gas, so it can be used in the same way as fuel for heat and lighting. This innovative 
way of using waste material from animals at the farm to create energy is a clean, sustainable 
method to reuse the waste. In addition to this, biogas has many other advantages such as making 
a way to compost and greatly reduce the number of harmful pathogens in the waste that can 
otherwise be harmful to the environment. 
Methodology 
The purpose of the project was to find a way to improve the production of biogas on the 
farm by making modifications to the design of the school’s new biodigester. Also, through the 
development of a how-to manual, the team presented procedures for operating the biodigester to 
be used by the school. The project determined how the energy produced by the biogas would 
most benefit the farm. In order to achieve these goals, the team implemented various methods to 
approach the problem which included intensive research, interviews and personal 
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communication, direct observations and calculations, as well as presenting information on how 
to use the biodigester to produce increased amounts of biogas. 
Impact: Changes and Recommendations 
After exploring the main factors affecting the usage of the biogas, mainly the location, 
supply of gas, and the demand, the best use for the gas was determined as heating the piglets at the 
agricultural school. The team helped to improve the design of the biodigester by making two 
concrete changes. Future recommendations the team made to improve the overall design are 
collecting the gas in containers, building a roof over the biodigester for protection, and adding a 
decline in the floor of the biodigester pit to increase gas production.  
Conclusion 
The San Francisco Agricultural School will now be able to efficiently produce biogas, 
using its new biodigester. This will serve as a source of renewable energy for the farm school to 
decrease energy costs.  After considering many factors, the team decided that the best use of the 
gas would be heating the piglets. Through the use of this biogas, the school will be able to 
continue its self-sufficient methods.  
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Introduction 
Paraguay 
Paraguay is a landlocked country located in South America, bordered by Argentina, Brazil, 
and Bolivia (Central Intelligence Agency, “The World Factbook: SOUTH AMERICA:: 
PARAGUAY”). It is a flat, sub-tropical country populated with 6.8 million people as of 2013 (The 
World Bank, “Paraguay”). Roughly 95% of this population consists of Mestizos, a racial mix of 
native Paraguayan and European descent (Central Intelligence Agency, “The World Factbook: 
SOUTH AMERICA:: PARAGUAY”). Paraguay is the only South American country with two 
official languages: the native Guarani and Spanish (Central Intelligence Agency, “The World 
Factbook: SOUTH AMERICA:: PARAGUAY”). The language, culture, and landmarks of the 
country characterize it as the “happiest country [in] the world.” The landmarks of Paraguay are 
rich with nature, bringing an atmosphere of joy and relaxation. These rural areas that are filled 
with nature define the main careers of Paraguayans. 
Agriculture and raising livestock are among two of the most common occupations for 
Paraguayans (Central Intelligence Agency, “The World Factbook: SOUTH AMERICA:: 
PARAGUAY”). Most children grow up to be farmers, much like their parents. Recently, business 
and engineering have begun to flourish in Paraguay.  However, very few are given the opportunity 
to receive an education in these two fields, as their capability to do so is dependent on their 
financial standing. 
The majority of the country is surrounded by poverty. Poverty can be defined in many ways 
and by its many factors. It is often defined in terms of having a low-income or lacking basic 
necessities such as food, shelter, water, sanitation, healthcare, and education. Due to this, people 
living in poverty have a higher risk of acquiring diseases and disabilities. This decreases a person's 
ability to learn and work which diminishes his or her life savings (World Health Organization, 
“Poverty,” 2015). The struggle to access basic necessities is an incessant cycle that can be 
extremely difficult to overcome. 
The difficulty in reducing poverty is a result of multiple different factors. Receiving an 
education should be a basic human right, but many are not fortunate enough to afford one 
(Education, 2003-2013). Educating the poor in Paraguay is the most effective way to help them 
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escape poverty. An education can give them the resources and opportunities they need to find 
jobs and start improving their quality of life. In order to promote this movement toward a better 
quality of life, an organization was founded to support Paraguayans in overcoming obstacles they 
encounter financially. 
 
Fundación Paraguaya 
 A self-sustainable, not-for-profit social enterprise founded in 1985 by Martin Burt, 
Fundación Paraguaya has launched microfinance and entrepreneurship in Paraguay. They 
provide life changing opportunities for people to develop and implement practical, innovative, 
and sustainable solutions in an attempt to eliminate poverty (About us). Through its microcredit, 
Junior Achievement, and entrepreneurial and financial education programs, Fundación 
Paraguaya has developed a self-sustaining, productive agricultural school that offers credit upon 
graduation for putting learning into practice.   
The life changing opportunities mentioned above are provided at the San Francisco 
Agricultural School. The students of this school, who come from extremely impoverished 
backgrounds, work hard to improve their quality of life. When they first enroll at the school, 
many of the students come from families with humble backgrounds (Burt, 2009, December 30). 
Some of these students arrive from different countries such as Bolivia and Haiti to receive a 
better education. There are students that have lost their family members, have broken families, 
and some who cannot visit their family often. However, this is just the beginning of their stories; 
their past does not have to dictate their future. In the words of Concern USA, a nonprofit 
organization, “Poverty reduces people's choices, not their competences and abilities" (Craig, 
2013, December). No matter what their lives may have been like, the students still have the 
ability and the skills to control the way in which their story ends. 
As the students at the San Francisco Agricultural School work on developing their story, 
they are taught relevant, important life skills such as communication and interpersonal skills, 
social and personal development, problem-solving, and decision-making, in addition to more 
technical skills in the field. In order to educate the students and improve their skills in these 
topics, the school focuses on teaching the students courses such as math, science, Spanish, 
English, and ethics. Additionally, each of the students works in a trade such as agriculture, dairy 
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production, or hospitality services. This unique pairing of theoretical classes with applicable 
work gives the students an invaluable opportunity to become independent and self-sufficient, 
which prepares them for their life that lays ahead. 
 
How can the students of the San Francisco Agricultural School apply what they learned to 
a real-life situation? The school, which is not funded by the government, promotes self-sufficiency. 
The students produce and sell their own products to subsidize the school. Because it is very 
important for the school to raise its own money, the school welcomes any means to use energy 
with minimal additional spending. One way the school can achieve this goal of creating and using 
its own energy is taking advantage of readily available resources to produce biogas in a biodigester. 
The goal of our project was to propose a design for a biodigester to improve its gas-
producing potential and then to determine the most effective way to use the biogas produced. The 
design proposal and recommendations for improvements, as well as procedures demonstrating 
how to produce the gas, were presented to the school in the form of a user’s manual at the end of 
our project. The professors and students at the school will be able to refer to the manual, which 
can be accessed online, as needed, for help with running and maintaining the biodigester. 
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Literature Review 
What is a biodigester and why use biogas? 
A biodigester is a chamber in which animal excreta is recycled to create biogas, a 
combination of methane and carbon dioxide, and organic fertilizer. This system takes advantage 
of the animal excreta through anaerobic digestion, a process in which the bacteria in the waste 
material break down the contents of the biodigester in the absence of oxygen. This process of 
anaerobic digestion produces two beneficial products: biogas and fertilizer. Through the 
production of these two products, the material that enters the biodigester, the waste mixed with 
liquid, is referred to as slurry (Preston, 2005). The material that remains at the end of the reaction 
is known as residue; it contains the nutrients necessary for efficient plant growth, making it a useful 
fertilizer (Preston, 2004). 
Both animal and plant waste can be used to load the biodigester, but because animal waste 
produces a greater amount of biogas, many farms choose animal waste over plant waste (pers. 
comm. Virgilio, March 2015). Animals who feed mainly on grass produce manure with low 
nitrogen levels which reduces the amount of methane gas the reaction happening inside the 
biodigester can yield (Biodigester Information and Construction). This is a result of the 
composition of grass along with the animals’ anatomy. For example, cows have four stomachs 
whereas pigs have only one (pers. comm. Virgilio, March 2015). Because of this, the cows’ food 
is digested and broken down even more before reaching the biodigester, and so there is less 
chemical waste to break down in the digester. For this reason, pig waste is better than cow waste 
to use in the biodigester because more gas can be produced. 
Biodigesters are normally used in southeast Asian countries and South America. They have 
been used for the past 30 years in areas such as agriculture, wastewater treatment, and food waste 
management (Common Safety Practices, 2011). The biogas produced is used as fuel for the 
kitchen, for lighting, for heating, and for powering motors to generate electricity (What is a 
Biogas). When produced efficiently, the biogas can be used in a variety of areas, reducing cost and 
saving energy.  
The biodigester functions through a very simple process. The waste material is mixed with 
water to create a slurry. A specified amount of this slurry is added regularly to the biodigester. The 
 
 
13 
 
slurry undergoes anaerobic digestion within the biodigester resulting in the production of methane 
gas. The remaining material yields high-grade liquid fertilizer (What is a Biogas). The produced 
gas can be transported to the area where it is needed through recycled inner tubes in old tires or 
through pipes. Finally, the fertilizer can be used throughout the farm to improve plant growth. 
Biogas is a renewable resource that can be used as a substitute or replacement for natural 
gas. The efficiency of biogas production depends on the reaction occurring inside the biodigester 
and the material that is loaded. Biogas typically contains 60% methane and 40% carbon dioxide. 
It is very similar to natural gas which contains 99% methane. For this reason, as mentioned before, 
biogas can be used as a replacement for natural gas. To initiate the reaction, any organic waste 
such as human and animal excreta, fruits, vegetables, or dairy waste is sufficient. An important 
point to consider is that fiber-rich wastes such as wood and leaves will not result in efficient 
production of biogas as they are difficult to digest (Biogas FAQ). 
There are many advantages to using biogas. Biogas is usually in high demand because it 
allows farmers to profit from the manure found on the farm. The process that produces the biogas 
enhances the fertilizing value of the manure. The remaining material in the biodigester can be used 
as organic fertilizer on the farm or as a product to sell (What is a Biodigester, 2015). Because 
waste is recycled and broken down into methane and fertilizer, it reduces the amount of chemical 
contaminants released into the environment. The waste reacts and is stored in the biodigester. This 
lowers the number of breeding grounds that are available for insects such as flies and mosquitoes 
that can otherwise spread diseases to humans. Using biogas greatly reduces or destroys the number 
of pathogens in animal waste and is a very clean method of disposing of these wastes. In addition, 
biogas provides an alternative energy source (Biodigester Information and Construction). 
The energy generated by biogas can be used for different processes on farms such as 
heating or incubating animals. A common practice for heating livestock is burning wood to 
produce enough heat the keep the animals warm, and then covering their shed with tarp to keep 
the heat inside longer. However, this method implies long-term risks. It is not the safest as it can 
be a fire hazard and that can also be harmful to the animals because of the large amount of smoke 
released; the animals living there are exposed to the smoke for extended periods of time. Farm 
staff have to keep a watch of the burning wood at all times to ensure the animals are safe and that 
there is no fire. A shift to using electric or gas heaters will be a great improvement due to the health 
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advantages. The heat produced by the heaters will also have to be monitored by student workers 
on the farm to ensure safety, but it will be producing heat with little to no carbon emissions (Wood 
Fuel, 2012). Because of the new availability of biogas and its many advantages, the piglets and 
potentially even the chicks can be heated with fuel from the biodigester.  
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Methodology 
This section of the report describes the WPI team’s approach to improving the processes 
of gas production by making changes to the biodigester’s design. The team gathered relevant 
information from several sources, and many activities were undertaken to verify design ideas and 
techniques and to determine the best usage of the biogas. The sources include published materials 
and human experts, especially the faculty and students who work at the farm. The interviews 
implemented standard verbal research methods such as inquiry and experts sharing their 
knowledge. Unobtrusive observation of the biodigester itself also led to supplementary 
research.  Furthermore, due to the significant differences in the “culture of work” between the 
United States and Paraguay, this part of the paper includes a section that describes cross-cultural 
methods for collaboration with the staff and students of the San Francisco farm. Ideas and all the 
factors that were under consideration surrounding the scope of our Interactive Qualifying Project 
were explored in depth.  In summary, the following methods were used to complete our project: 
● Research to understand how a biodigester functions and how farms have used 
biodigesters in the past 
● Interviews via verbal communication with school faculty and students 
● Direct and unobtrusive personal observations of the biodigester  
● Calculations to determine proper use of biodigester 
● Presentation of information in a comprehensive document 
Online and Literary Research 
 Before beginning the project, it was imperative that the team first understand what a 
biodigester is and how it works in order to make any design improvements. Many of the articles 
and websites that were studied contained information about small-scale biodigesters used by 
farmers in underdeveloped countries. The focus of our research was to understand how each 
individual part of the biodigester functions and how to improve the functions in our design, as well 
as the operation of the entire design as a whole. Understanding the physics and chemistry behind 
the reaction in the biodigester was crucial in proposing a design that improved the production and 
handling of the biogas. This type of research was done throughout the project especially when 
making design improvements and recommendations. 
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Interviews 
The biodigester team organized various methods of communication to obtain the necessary 
information to accomplish each task. Along with our online research, a series of interviews were 
conducted with different individuals at the agricultural school to gather additional, more directly 
applicable information. The team created separate lists of questions to ask Professor Virgilio 
Borges, Director Luis Cateura, and Rosa Paez, who all played integral roles in the research.  
The biodigester team chose the people to interview at the school on the basis of expertise. 
The team consulted the general services professor, Virgilio Borges, to gain an understanding of 
the current state of the biodigester, well as future design plans. He had been working on the 
biodigester for over two years and was personally in contact with the engineer who designed the 
digester. Professor Virgilio has had many years of experience with fixing equipment and machines 
on the farm. Therefore, he was the expert to communicate with about the biodigester. In order to 
decide on the best use of the biogas, the team contacted the school’s director, Luis Cateura, for his 
knowledge on the relative demands of energy in different locations of the farm. His knowledge 
was to help the team better understand the school’s needs.  
To gain a deeper understanding of one of the areas of the school using biogas, Rosa was 
the most suitable person to contact. She provided us with helpful information about the kitchen's 
use of biogas as fuel as she best understands the needs of the cooking staff. 
Cross-cultural Communication 
Learning how to work with people from a very different culture was a challenge unique to 
the project that caused the team to adjust their approach to gathering information. In Paraguay, 
direct communication is much more effective than conveying messages through email. Face to 
face communication is much more effective than electronic communication to explain ideas and 
to propose new ones. Paraguayans tend to be more relaxed and less time-conscious than 
Americans. Therefore, the WPI team needed to learn how to communicate effectively despite the 
cultural barrier. For example, it was important that an interview began with casual conversation 
about each member's day. Only then was it appropriate to start discussing the purpose of the 
meeting. Taking the time to slowly initiate conversations helped the team obtain the information 
they needed more quickly because it allowed the team to politely approach the members of the 
meeting in such a way that implied gratitude for everyone's presence. Additionally, it was 
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important that the team did not imply rushing to gather information as if it was its only goal for 
the meeting.  
The team also had to come prepared with questions, solutions, and research to support their 
ideas to each meeting with advisors at the school. Before each meeting with the on-site project 
advisors or the staff of the school, the WPI team needed to prepare for the end result of the 
conversations and find a way to properly handle each cross-cultural encounter. 
When presenting ideas, the team learned to convey them in such a way to show interest in 
the project while showing appreciation for the hard work performed by the professors and advisors 
at the school. The team kept in mind that it was important to respect the professors without 
appearing as though they want to challenge the professors’ knowledge and ideas. It was also crucial 
that the team followed the culture’s slow-paced nature of completing tasks. The team learned a 
great deal about focusing more on working “with” the people rather than simply working “for” the 
people. 
 
Personal Observations 
In addition to interviews and meetings with various staff members at San Fransisco 
Agricultural School, much of the team’s research was a result of direct observations. The team 
visited the biodigester site near the pig pens and cow stables nearly every morning to take 
measurements and check the progress of construction. Each feature of the biodigester was 
examined to make sure the installation of bags and gas production will be possible. From these 
observations, research was done to solve any problems that the team wanted to consider or solve. 
Volume of Material 
 Given the dimensions of both the bags and the biodigester pit, our team calculated the shape 
the bag will take while producing gas. Using the ratio of 60% slurry and 40% volume of gas in the 
bag, we calculated the volume and height each will take up (pers. comm., Borges, April 2015). 
While making these calculations and diagrams, our team recognized that the height of the median 
wall between the two bags did not reach the height that the slurry will settle. 
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Figure 1: Cross- sectional view of the biodigester 
 
Loading Rate of the Slurry 
To ensure the efficient supply of slurry, both for the initial start-up as well as daily 
operation of the biodigester, the following calculations were made. 
Different animal manures have different densities, which must be calculated to ensure 
efficient gas production.  By weighing multiple samples of pig and cow waste, averaging the 
values, their densities were calculated. With these densities, the team determined that the slurry 
mixture will need 1409 liters of cow waste or 1720 liters of pig waste.  Refer to appendix 4 for 
calculations showing the amount necessary to charge the biodigester. 
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Impact: Changes and Recommendations 
The following section is a description of the changes made to the biodigester design as well 
as an explanation of the team’s final decision for the usage of the biogas. Lastly it is followed by 
the recommendations and the factors that influenced them. The project compiled a manual for San 
Francisco Agricultural School to serve as a written document to help the agricultural school 
produce biogas using their new biodigester and determined the best use for the gas to fulfill the 
most pressing, sufficient, and sustainable demand for the gas.  
Changes 
Before the installation of the biodigester, the team researched various design changes and 
made calculations to suggest adjustments to the design. The team successfully recommended two 
design changes while on the farm. One design change the group suggested was building a new 
median wall with a height of 1 meter, opposed to the original height of 0.8 meters. This suggestion 
was made to prevent deformation to the bags due to the slurry settling higher than the original wall 
height.  The slurry in the bags can flow over the walls which can damage the bags’ material.  
The second tangible change made by the WPI team to improve the functionality and overall 
gas production required altering the slope of the gutter. Originally the gutter to the entrance of the 
biodigester was lacking a decline, but was improved by the addition of a downward slope of -1.2% 
to its floor to facilitate loading of the slurry.  
Energy Uses and Demands 
The San Francisco Agricultural School uses its energy innovatively to promote its self-
sufficient methods of running the school. One key way the school reduces its energy expenses is 
through the use of biogas. The San Francisco School recycles its animal waste for a beneficial 
use of producing biogas in a biodigester. Currently, there are two biodigesters at the school: a 
small one located near the kitchen and a larger one located near the livestock. 
Biogas is a renewable resource that can be used to replace natural gas in the school. There 
are several areas in the school where the produced gas can be used to save energy and cost. First, 
the biogas can provide fuel for the boiler located near the cheese factory. The heat acquired from 
this biogas fuel will enhance production in the factory. Additionally, the heat from the boiler can 
be used for the students’ dormitories to heat the water in the bathrooms. Access to heat in these 
areas of the school is dependent on the supply of biogas available.  
 
 
20 
 
At this moment, the students and faculty of the school are using biogas from the small 
biodigester, shown in figure XX, for the kitchen as a heat supply for cooking. 
 
 
Figure 2: Small biodigester at the San Francisco Agricultural School used for the kitchen 
 
Biogas produced by the small biodigester, shown in figure 2, is used in the kitchen 
mainly at the beginning of each day. The gas is collected and transferred through a tube from the 
biodigester to a stove in the kitchen. It is used solely to heat water and to cook sauce. The biogas 
delivers heat slowly but is beneficial because the slow heating process cooks the sauce 
thoroughly and more efficiently. The supply and function of the biogas is sufficient at present. 
Therefore, it has been concluded that the demand for biogas in the kitchen has been satisfied 
with the small biodigester (pers. comm. Paez, 4/10/2015). 
If sufficient biogas can be produced using the larger biodigester, it is preferable that the 
kitchen is powered solely with biogas. However, the larger biodigester may not produce the 
amount necessary because the biogas required is very high. Additionally, it can be costly to 
convert the conditions of the kitchen, which is currently run by electricity, to a completely 
biogas-run environment. Thus, two factors should be considered: the amount of biogas available 
and distance from the biodigester to the livestock and the kitchen. Due to the location of the 
biodigester and the high demands of running the kitchen solely on biogas, it is wise to use the 
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limited supply for another purpose (pers. comm. Cateura, April 2015).  Figure 3 below shows the 
larger biodigester that is currently under construction. 
 
Figure 3: Larger biodigester at the San Francisco Agricultural School 
How can the ideal use be chosen? The use for the biogas will be determined by the 
supply of biogas produced, the areas of the school that demand the gas, and the distance between 
the biodigester and the end-use of the gas. The supply of the gas available defines which area in 
the school can best take advantage of the gas produced. If the kitchen is to be run solely on 
biogas, this will require a much higher supply than the second biodigester is able to provide. In 
contrast, the supply required for the animals is very low. Therefore, the amount produced by the 
biodigester will easily be able to meet the biogas needs for heating the livestock (pers. comm. 
Virgilio, March 2015). Next, the level of need for the gas, or the demand, also determines the 
best use of the gas. There are certain areas of the school that have a higher demand than others. 
At present, the use of the biogas available from the first biodigester in the kitchen is satisfactory. 
However, the loss of over ten piglets this year, caused by low temperatures, demonstrates that 
there is a high demand of biogas for the livestock. The supply of biogas required each day for 
heating the livestock is significantly lower when compared to the supply required in other areas 
of the school such as the kitchen. Additionally, the proximity of the livestock to the biodigester 
facilitates the transportation of the gas to be used. The piglets' farrowing crates are closer to the 
larger biodigester, facilitating the transport of the biogas to heat the animals and protect them 
from the climate changes Thus, it is recommended that due to the livestock’s high demand for 
biogas, necessity of a low supply, and close proximity to the second biodigester, heating the 
animals is the ideal use for the biogas produced from the second biodigester. The biogas will be 
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best used to power electric heaters to generate heat for the livestock. Shifting to electric or gas 
heaters will be an effective approach to heating the animals.  
Future Recommendations 
Efficient methods of using renewable biogas to create heat and to reduce energy costs were 
explored. Changes to the second biodigester were implemented in order to improve and increase 
biogas production based on the different needs and demands for the biogas at the San Francisco 
Agricultural School. Another option is that a new biodigester can be constructed with these 
recommended changes. Using the original construction of the second biodigester as a starting 
point, recommendations for an ideal biodigester design are listed below. 
1. Gas collection containers to facilitate transportation, further the reaction, and 
increase gas production 
2.         Building a roof to cover the biodigester from direct sunlight and rain 
3.         Decline of floor to increase gas production and facilitate flow of slurry into the exit 
pit  
Gas Collection Containers 
After thinking about ways to extract and transport the gas and researching ways farms have 
done this in the past, the team came up with an idea for transporting the gas. Throughout the 
production of gas, the biodigester should be constantly monitored and the biogas should be 
extracted periodically to ensure that there is constant space in the bag during gas production. The 
process of gas production should not be restricted nor should the storage of biogas be limited. 
The collection containers also function as portable storage and can be transported to any 
location on the farm. If the gas needs to flow a great distance through the pipes, it will not be able 
to reach its destination simply by hydrostatic pressure. The gas will need to be pressurized to travel 
through the pipes more efficiently.  
Professor Virgilio provided us with an idea for the material of the actual containers. Once 
in a meeting, he had mentioned that the farm had many old, unused tires. Together, we came up 
with the idea to reuse the inner tubes of the old tires to store the gas and transport it. For all these 
reasons, collecting the gas in these containers facilitates bringing the gas to a farther destination 
and allows the gas to be readily available when needed. Then, the containers can then be connected 
to pipes that can directly heat the farrowing crates’ heaters, boiler, or kitchen stoves. 
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Build a Roof 
        It is recommended that a roof be built over the biodigester, shown below in Figure 4, to 
cover the bags from rain, wind, and direct sunlight. Rain can add pressure to the bag and water can 
fall directly into the pit. The direct sunlight can cause inconsistent heating during the reaction in 
the biodigester and also degrade the bag. Therefore, the roof will help prevent these negative 
effects in the production of biogas. It can be made of tarp or a type of lightweight material that 
protects the outside structure of the biodigester (Manual for the Construction, 2012). 
 
Figure 4: The proposed design of a roof to protect the biodigester from climate changes 
 
Decline of Pit Floor 
A slight decline between 1-3% is strongly recommended in the floor. This gives the biodigester 
the potential to produce more gas (Surface Water Drainage, 2015). Currently, the floor of the 
biodigester is at one level as shown in figure 6 below. 
 
 
Figure 6: Longitudinal section of biodigester 
with no incline 
Figure 7: Longitudinal section of biodigester 
with 2% incline 
 
It can be seen from figure 5 above that the floor is at a constant level throughout. If the level 
remains the same, the material will build up in one area and will not move through the bag with 
ease, restricting the amount of additional material that can be added. Therefore, it is 
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recommended that the floor is declined toward the exit tubes (shown in figure 6) such that the 
material can easily flow out, allowing for more material to be added into the biodigester. In 
general, the higher the amount of liquid and solid mixture in the bag, the larger the production of 
gas (Preston, 2004). Figure 7, shown below, explains this concept further. 
 
 
Figure 7: The left image shows the liquid level at the correct height. On the right, the slurry 
level is too low, allowing gas to enter inside the bag. 
 
Above, figure 7 supports the main idea that a larger volume of slurry can produce more 
gas (Preston), and a decline in the floor promotes a more efficient production of biogas.    
As mentioned before, after the slurry has been added to the biodigester through the 
entrance pit and canals, the mixture will settle at the same level relative to the pipe. Having a 
floor that is level allows only about three-fourths of the total volume of the bag to be filled.  
However, with a decline, as figure 6 demonstrates, more slurry will be able to flow into 
the bag before settling at the same level. Therefore, the larger amount of slurry in the bag 
increases biogas production because more material is available to react. 
Note that in figure 7 above, the biodigester with the decline appears to hold less gas in the 
bag because there is one-tenth of free space for the gas (Preston, 2004). This is true; however, 
more gas is constantly being produced despite the space that is available for the gas due to the 
declined floor. The higher concentration of slurry enhances this additional production of gas. To 
solve this problem, the gas should be extracted periodically as it is produced to collect the entire 
increased yield which will compensate for the lack of storage space.  
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Other considerations include the rate of loading the biodigester, the composition of slurry 
flowing out, and the rate of the reaction. If the slurry is loaded too quickly, it will be difficult to 
determine what mixtures will flow through the exit tubes, the reacted material or unreacted 
material. Also, the slurry that has finished reacting can solidify at the bottom of the bag. This 
problem can be prevented by the addition of a decline or simply by hydrostatic pressure 
differences between the entrance and exit of the bag. Because the amount of solid in the liquid is 
so small compared to the volume of the liquid, the slurry can easily flow out of the exit. The 
solid will most likely flow out with the help of an agitator. Therefore, a downward slope of the 
floor will be an advantage to the design overall. 
It can be seen from figure 5 above that the floor is at a constant level throughout. If the 
level remains the same, the material will build up in one area and will not move through the bag 
with ease, restricting the amount of additional material that can be added. Therefore, the team 
recommends that the floor be declined toward the exit tubes (shown in figure 6) such that the 
material can easily flow out, allowing for more material to be added into the biodigester. 
Not only will the slurry be able to flow through the biodigester more easily, but adding a decline 
in the floor will also help the biodigester produce more gas. In general, the higher the amount of 
liquid and solid mixture in the bag, the higher the production of gas (Preston, 2004). 
 
Biodigester Manual 
The team created a user’s manual for the use of students and staff at the school. The manual 
will be available for students and staff on their school website. The contents of the manual include 
an explanation about biodigesters, how and where to use biogas, various procedures, maintenance 
guidelines, and future recommendations. The manual can be viewed at appendix 5. 
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Conclusion 
 
Taking into consideration the factors affecting the biodigester and the recommended 
changes to enhance its functionality, the San Francisco Agricultural School will be able to 
efficiently produce biogas. Whether these recommended changes are made to the current 
biodigester or are used to construct a new biodigester, the students and faculty of the school will 
be able to recycle their own resources and reduce their energy costs.   
The students and faculty of the School have many areas in which the biogas produced can 
be used. With proper functionality of the biodigester and pertinent supply of biogas, the School 
will be able to use the produced gas to heat the livestock. This beneficial use of the biogas will 
not only save costs for the school, but it will also allow the school to continue its methods of 
self-sufficiency. 
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Reflections 
 
Kelsie’s Reflection 
When I first arrived to Paraguay, I felt overwhelmed with excitement to be in a new 
country, with a different culture, and travelling on the weekends. I was also slightly afraid of 
communicating in solely Spanish considering I only had two courses under my belt before arriving. 
However, once I started to get to know the staff of Fundación Paraguaya and working with 
everyone at the school, I have felt so welcomed and realized truly how friendly and caring 
Paraguayans are. 
Living on the farm, at Escuela Agricola San Francisco, I learned so much through my 
conversation with the students, working in the different areas of the school, dancing Zumba and 
teaching English classes. Working in a different environment caused our group to change our work 
ethics and approach. I began to stress less about everything and adopt “tranquilo” as my new 
favorite saying. 
During the week of Semana Santa, or Saint’s Week, the six of us volunteered for an 
organization called TECHO, or “Un Techo para mi Pais” which was the most rewarding 
experience of my life. The first two days, we worked in a team of four to build a house for a family 
in need in the town of Luque. I was nervous, because everyone in Luque only spoke Spanish and 
Guarani. I would not consider myself proficient in Spanish and I knew zero Guarani. Despite the 
language barrier, the other volunteers, as well as the family, welcomed me with open arms easing 
my concerns. The mother, Kuka, constantly brought water, snacks, fresh juices, and even full 
meals for us as the hours passed. They were so appreciative that we were building them a new, 
small, one room house. The next two days, we searched the entire town of Luque to find 
“asentamientos” or small communities of people who were living on unpurchased land. We 
recorded their information to update the census and bring the knowledge of their existence to the 
government. The TECHO organization hopes to build houses for some of these families in the 
asentamientos. Through TECHO, I made some lifelong friends and well as an eye-opening 
opportunity to see how some people in Paraguay live, outside of Asuncion. 
In America, many people try to earn as much money as possible so they can live happy. 
In Paraguay, most people just are happy, with or without the money. Although I will continue to 
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be as successful as possible in my life, I hope to take the on positive outlook on life and enjoy 
myself even when everything isn’t at its best. 
Samantha’s Reflection  
My time in Paraguay has been simply amazing. I loved it so much. I met some of the 
kindest, happiest people here and have made so many memories I will never forget. The new 
people I met in and the students I spent my time with made this experience as great as it was. The 
five other students in our group and I did not know each other that well before coming to Paraguay, 
but after the project, we had become close friends. We were coming to a new country for the first 
time, and we all had to take care of each other. I am so grateful and lucky to have had the chance 
to work with such a hardworking, motivated team. We had so many different experiences together 
such as working at the farm school, going on weekend trips, and riding the bus to and from the 
city every week. 
On my first day at the school, I could not wait to start our project and meet the students. I 
remember the first night when the six of us were introducing ourselves for the first time, all the 
students gave us their complete and undivided attention. They were so respectful and curious to 
learn more about us, and right then I realized we were here to do something that could really help 
their school. At first, communication and simple interactions became so challenging for me 
because I did not know much Spanish, but by the end I could carry out conversations without my 
dictionary. I was definitely pulled out of my comfort zone at throughout my time in Paraguay, but 
everybody was so patient and willing to help. 
I also learned so much more by interacting with the students and hearing their stories, 
learning about their individual lives. They all came from diverse backgrounds. Some of the 
students I had the privilege of meeting and working with were some of the sweetest, friendliest, 
and hardworking high school teenagers I have ever met. I will never understand why some people 
have to sacrifice so much, but no matter what their pasts were like or where they came from, I 
know these students can do anything they set their mind to in life because they have so much 
passion and perseverance, and most importantly, their hearts are in the right place. I will miss all 
of them so much. 
At the farm, my team and I had a lot of fun with the animals too. We would wake up every 
morning to see cows right outside our window, and pig noises became part of our daily musical 
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soundtracks. Whenever we could, my team and I would go over to the piglets farrowing crates to 
see the cute baby pigs and play with them. This was one part of my day I always looked forward 
to. 
One of the most rewarding experiences of my life was at Techo para mí pais. This is 
something I have wanted to do my whole life-build houses for people living in poverty. After a 
weekend of getting to experience what being essentially "homeless" is like, we built houses around 
the Asunción area for families living in really poor communities. The people who we built the 
houses for were some of the kindest, happiest people I have met in my entire life! Every day was 
exhausting, but fun and so rewarding to see the families’ smiles. Needless to say, this was such a 
humbling experience and was totally worth all the effort and tears. All these people have given me 
a new outlook on life and have motivated me to use the opportunities I have been given to help 
those in need. I will really miss this country and hope to visit again someday. 
We were here to complete our Interactive Qualifying Project (IQP) and learn how to solve 
problems in unfamiliar environments, out of our comfort zone. For some of us, Spanish was a 
completely new language and learning to communicate effectively was a challenge. The whole 
purpose of our project was to learn how to solve a problem. Through my experience here, I realized 
that there is no perfect problem. In the real world, problems are not like those in textbooks, so easy 
and simple, they almost always are much more complex, having many different influencing factors 
and dimensions. 
Our job was to complete our project tasks in the best way we could with the time we were 
given. The IQP has definitely taught me how to work in a team. Together, my team and I had to 
learn to be efficient and work with a problem that kept changing in front of us. When events did 
not always play out how we imagined, we had to learn to adjust to that and come up with a new 
approach. This project was a lot of hands-on interaction with people, and by the end, I learned how 
to work with people better with the help of my teammates, but I also learned so much about the 
Paraguayan culture. I learned that my actions, how I interact with people, speak even louder than 
words and any knowledge I may have. Especially because I did not know the language well, how 
I engaged with people became crucial. How people treat each other is so important in life and 
without it we can only go so far. Paraguay especially has taught me how to work with people, not 
just for them, and I am so appreciative to have had this opportunity. 
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Sravya’s Reflection  
         I stepped into the plane to Paraguay with many questions running through my head. 
Will I be able to immerse myself in a new country and language? Will I be able to adapt to all the 
changes brought on by a new culture? As soon as I stepped out and into the streets of Asuncion, I 
felt right at home. It was incredible the resemblance the city had to the city where I grew up in 
India. With the streets filled with people, the busy traffic, the simple waving of a finger to call a 
bus for transportation, and the refreshing weather and nature surrounding the country, I knew right 
away that I would love it here. 
The first thing that had made a great impression on me and remained with me throughout 
my stay was the people of Paraguay and their kindness. As I walked outside, I could never get 
enough of hearing "Hola, que tal!" every time I passed someone on the street. I noticed throughout 
my stay here the credibility behind the statement "Paraguay is the one of the happiest countries in 
South America." I have found enormous relaxation while being surrounded by such a tranquil and 
content atmosphere. 
The content atmosphere was present in any city or town that I had visited. Participating in 
Techo para mi pais in Luque had been fantastic. During my stay at Luque, I realized the meaning 
of perspective. Techo was a program in which the participants constructed a one room house for 
each family in the Taruma Poty neighborhood. Apart from the gratitude I would feel for someone 
having built a home for me, the house itself would have meant nothing for someone like me who 
grew up in the United States. However, for the inhabitants of the neighborhood, this newly 
constructed one-room house was an absolute luxury. From the perspective of the conditions they 
lived in prior to this new construction, the families felt that their new home was exquisite and 
irreplaceable. I was touched at how tearful they had become out of happiness and gratitude for 
their new homes. We truly made a difference in these amazing families' lives. 
Not only the people of Luque, but the people of the San Francisco Agricultural School have 
given me memories that will stay with me my whole life. Living at the School had been my favorite 
part of my stay in Paraguay. It was a change to my usual living experiences. For that reason, it was 
a great opportunity for me to live the life of those in rural areas. There were less distractions at the 
farm than the distractions I would have had living in the city. For example, living in the city would 
mean more night clubs, restaurants, etc. However, at the farm, we had the students and our house. 
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I loved that because I could focus more on meeting new people, practicing my communication 
skills, improving my Spanish, and making unforgettable relations. After all, it is the relations I 
have in my life that for me make life worth living. The students' generosity and hospitality was 
like no other. I never stopped feeling welcomed and special from the way they and the professors 
had treated us.  One of the highlights of living at the school was sharing my Indian culture with 
the students and the students sharing their Paraguayan culture with me. Performing one of my 
Indian traditional dances for them and seeing their faces filled with amazement and excitement 
was an absolutely amazing experience. On top of that, I was asked to learn and perform a 
traditional Paraguayan dance with two of the students at the Agricultural School. After wearing 
the traditional costume and performing the dance in front of an audience, not only did I feel 
welcomed into the country and the culture, but I also felt like I belonged in Paraguay. 
The main theme behind my amazing experience in Paraguay is the people. I have always 
believed before my arrival into the country that it is the relations one has that makes anything in 
life worthwhile and simply better. After my arrival in Paraguay, my belief had certainly become 
stronger. If it were not for the people of Luque, the people of the San Francisco Agricultural 
School, and the people of the country as a whole, I would not be planning, at this moment, to return 
to Paraguay next year. 
  
  
 
 
35 
 
Appendices 
 
Appendix 1: Overhead view of the biodigester design 
 
Appendix 2: Longitudinal view of the biodigester design 
 
 
 
Appendix 3: Cross sectional view of the biodigester design 
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Appendix 4: Detailed Calculations 
Circumference = 5.60 mete 
Diameter of the bag = 
𝑐𝑖𝑟𝑐𝑢𝑚𝑓𝑒𝑟𝑒𝑛𝑐𝑒
𝑝𝑖
=
5.60 𝑚𝑒𝑡𝑒𝑟𝑠
3.14159
= 1.7825 𝑚𝑒𝑡𝑒𝑟𝑠  
Cross-Sectional Area of Bag = (
𝐷𝑖𝑎𝑚𝑒𝑡𝑒𝑟
2
)
2
∗ 𝑃𝑖 = (
1.7825 𝑚𝑒𝑡𝑒𝑟𝑠
2
)
2
∗ 3.14159 =
2.4955 𝑚𝑒𝑡𝑒𝑟𝑠 𝑠𝑞𝑢𝑎𝑟𝑒𝑑 
Cross-Sectional Area of Liquids & Solids in Bag  = (60%)(𝐶𝑟𝑜𝑠𝑠 − 𝑠𝑒𝑐𝑡𝑖𝑜𝑛𝑎𝑙 𝐴𝑟𝑒𝑎) =
(0.6)(2.4955 𝑚2) =  1.4973 m2  
Volume of Area of Slurry in Bag = (𝐴𝑟𝑒𝑎)(𝐿𝑒𝑛𝑔𝑡ℎ) = (1.4973 𝑚2)(10 𝑚) = 14.973 𝑚3 
Minimum Height of Liquid = 
𝐴𝑟𝑒𝑎
𝑊𝑖𝑑𝑡ℎ 𝑜𝑓 𝑃𝑖𝑡
=
1.4973 𝑚2
1.86 𝑚
= 0.805 𝑚 
This height is the absolute minimum needed for the biodigester to work. Most likely the liquid will be 
slightly higher than this height. Anything over the original median wall height of 0.8m will cause 
deformation of the bag. The median wall was suggested to be raised to a height of 1m which was 
accepted. 
 
Concentration Slurry = 10% Solid Waste, 90% Water 
Density of Pig Waste= 1.15 kg/m3 
Density of Cow Waste= 0.94 kg/m3 
Volume of Liquid = 14.972 m3 = 14,972 L 
Volume of Waste in Bag = (𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛)(𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑆𝑙𝑢𝑟𝑟𝑦) = (0.1)(14,972) = 1,497 𝐿 
Mass of Slurry, only Cow = (𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑊𝑎𝑠𝑡𝑒)(𝐷𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝐶𝑜𝑤 𝑊𝑎𝑠𝑡𝑒) = (1,487 L)(0.94 kg/L) = 
1,407.5 kg of only cow waste 
Mass of Slurry, only Pig = (𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑊𝑎𝑠𝑡𝑒)(𝐷𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝐶𝑜𝑤 𝑊𝑎𝑠𝑡𝑒) = (1,487 L)(1.15 kg/L) = 
1,722 kg of only pig waste 
 
Volume of Water in Bag = (𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛)(𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑆𝑙𝑢𝑟𝑟𝑦) = (0.9)(14,972) = 13,476 𝐿 
 
Volume of the Slurry= 14,973 m3 
Retention Time = 30 days 
Volume of the Slurry = (Daily Feed)(Retention Time)   
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Daily Feed = 
14,973 𝑚3
30 𝑑𝑎𝑦𝑠
= 0.5
𝑚3
𝑑𝑎𝑦
= 500
𝐿
𝑑𝑎𝑦
 of Slurry  
Daily Feed of Waste = (10%)(Daily Feed of Slurry) = (0.1)(500 L) =50 L 
Daily Feed of Water = (90%)(Daily Feed of Slurry) = (0.9)(500 L) =450 L 
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Appendix 5: Biodigester Manual created for San Fransisco Agricultural School 
 
 
 
 
 
 
 
Biodigester Manual 
 
 
Kelsie Lazaro 
Sravya Malempati 
Samantha Varela  
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The purpose of this manual is to help the agricultural school better understand the 
production of biogas, understand the operation of a biodigester, and address problems that may 
arise. There are two biodigesters at the San Francisco Agricultural School. The first biodigester is 
smaller and provides biogas for the kitchen. The second biodigester is larger and is located near 
the livestock. The manual focuses solely on the functionality of the second biodigester. There are 
four sections. First, it begins with an overview of a biodigester: how it works and how the biogas 
produced can be used effectively. Second, there is a description of the second biodigester located 
at the San Francisco Agricultural School. Third, there are examples of how to use the produced 
biogas at the school. Fourth, there are suggestions for proper maintenance of the biodigester. Last, 
there are recommendations for an ideal biodigester design that will facilitate the production of 
biogas.  
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Introduction: 
Paraguay is a landlocked country located in South America, bordered by Argentina, 
Brazil, and Bolivia. It is a flat, sub-tropical country populated with 6.8 million people, as of 
2013. Roughly 95% of this population consists of Mestizos, a racial mix of native Paraguayan 
and European descent. Paraguay is the only South American country with two official languages: 
the native Guarani and Spanish.  
Agriculture and livestock raising are among two of the most common careers for 
Paraguayans. Most children grow up to be farmers, much like their parents. Recently, business 
and engineering have begun to flourish in Paraguay.  However, very few are given the 
opportunity to receive an education in these two fields. 
The majority of the country is surrounded by poverty. Poverty can be defined through 
many ways and through many factors. It is often defined in terms of acquiring a low-income or 
lacking basic necessities such as food, shelter, water, sanitation, healthcare, and education. Due 
to this, people living in poverty have a higher risk of obtaining diseases and disabilities. This 
decreases a person's ability to learn and work which diminishes his or her life savings. The 
struggle to access basic necessities is an incessant cycle that can be extremely difficult to 
overcome. 
The difficulty in conquering poverty is a result of multiple different factors. Receiving an 
education should be a basic human right, but many are not fortunate enough to afford one. 
Educating the poor in Paraguay is the most effective way to help them escape poverty. It can 
give them the resources and opportunities they need to find jobs and start improving their quality 
of life. 
Students at Escuela Agricola San Francisco, who come from different backgrounds, work 
hard to succeed at improving their quality of life; some students that live in Paraguay have 
almost nothing when they enroll at the school. Other students arrive from different to improve 
their education. There are students that have lost their family members, have broken families, or 
cannot visit their family often. However, their story has just begun. In the words of Concern 
USA, “Poverty reduces people's choices, not their competences and abilities." The students 
themselves have the ability and the skills to control how their story begins and how their story 
ends.  
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At EASF, the students are taught relevant, important life skills such as communication 
and interpersonal skills, social and personal development, empathy, problem-solving, and 
decision-making, as well as more technical skills in the field. In order to educate the students and 
improve their skills in these topics, the school focuses on teaching the students courses such as 
math, science, Spanish, English, and ethics. Additionally, each of the students works in a trade 
such as agriculture, dairy production, or hospitality services. This unique pairing of theoretical 
classes with applicable work gives the students an invaluable opportunity to become independent 
and self-sufficient, which prepares them for the life that lays ahead.  
How can the students of the San Francisco Agricultural School apply what they learned 
to a real-life situation? The school, are not funded by the government, promotes self-sufficiency, 
where the students and faculty of the school grow and sell their own products through their 
independent market. Because it is very important for the school to raise their own money, the 
school welcomes any means to use energy with minimal additional spending. One way the 
school can achieve this goal of creating and using its own energy is taking advantage of readily 
available resources to produce biogas in a biodigester. 
 
What is a biodigester and why use biogas? 
A biodigester is a chamber in which animal excreta is recycled to create biogas (methane 
and carbon dioxide) and organic fertilizer. This system takes advantage of the animal excreta 
through anaerobic digestion, a process in which the bacteria in the waste material break down the 
contents of the biodigester in the absence of oxygen. This process of anaerobic digestion produces 
the two beneficial products: biogas and fertilizer. Through the production of these two products, 
the material that enters the biodigester (the waste mixed with liquid) is referred to as the slurry. 
The material that remains at the end of the reaction is known as the residue; it contains the nutrients 
necessary for efficient plant growth, making it a useful fertilizer. 
Biodigesters are normally used in south-east Asian countries and South America. They 
have been used for the past 30 years in areas such as agriculture, wastewater treatment, and food 
waste management. The biogas produced is used as fuel for the kitchen, for lighting, for heating, 
and for powering motors to generate electricity. When produced efficiently, the biogas can be used 
in a variety of areas, reducing cost and saving energy.   
 
 
42 
 
The biodigester functions through a very simple process. The waste material is mixed with 
water to create a slurry. A certain amount of this slurry is added regularly to the biodigester. The 
slurry promotes anaerobic digestion within the biodigester resulting in the production of methane 
gas. The remaining material yields high-grade liquid fertilizer. The produced gas can be 
transported to the area where it is needed through recycled inner tubes or through a hose. Finally, 
the fertilizer can be used throughout the farm to improve plant growth. 
Biogas is a renewable resource that can be used as a substitute or replacement for natural 
gas. The efficiency of biogas production depends on the reaction occurring inside the biodigester 
and the material that is loaded. Biogas typically contains 60% methane and 40% carbon dioxide. 
It is very similar to natural gas which contains 99% methane. For this reason, as mentioned before, 
biogas can replace natural gas. To initiate the reaction, any organic waste such as human and 
animal excreta, fruits, vegetables, or dairy waste is sufficient. An important point to consider is 
that fiber-rich wastes such as wood and leaves will not result in efficient production of biogas as 
they are difficult to digest. 
Biogas is usually in high demand because it allows farmers to profit from the manure found 
on the farm. The process that produces the biogas enhances the fertilizing value of the manure. 
The organic fertilizer produced in the biodigester can be used as organic fertilizer on the farm or 
as a product to sell. 
  
Second Biodigester at the San Francisco Agricultural School: Resources, 
Installation, and Operation 
 
Resources and Raw Materials: 
As a source of renewable energy, the second biodigester reuses the farm’s recycled waste 
and wastewater. The recycled organic resources that are available on the farm to fuel the 
biodigester are materials such as animal waste, plant waste, and water. The amount of animal and 
plant waste that is produced on the farm can vary daily. As a result, a variable amount of organic 
material is used to fuel the biodigester daily. All in all, the farm provides the biodigester an ample 
amount of waste and water each day.  
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In theory, 182,500 liters of solid waste are needed for five years of gas production. The 
limiting factor is the amount of solid waste that is available to add. The daily feed is 100 liters of 
total solid waste (50 liters per bag) which is easily available at the farm. Water can be added to the 
gutter to achieve the appropriate concentration necessary for the reaction to occur.  
Installing the Bag and Beginning Gas Production 
The biodigester at the San Francisco Agricultural School contains two tubular bags that are 
installed in the pit of the biodigester. The procedure below explains each step of the installation 
process before gas production can begin.  
1) Place and unroll the empty bag into the pit, as shown in figure 1. While the bag is being 
placed, verify that the security valve in the middle of the bag is located at the top.  
 
Figure 1: Students at the school placing bag into the pit. 
2) Attach an elbow onto the valve opening and tighten it. Next, screw a connector pipe onto 
the elbow. Then, attach a rubber hose to the end of the connector pipe (shown in figure 3) 
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Figure 2: Prof. Virgilio attaching an elbow 
onto the valve. 
Figure 3: The gas hose after connection to 
valve and elbow. 
 
3) Next, assemble a valve as shown in figure 4 that will be an indicator if there is excess gas 
in the bag. The valve can be opened to let the excess gas escape. A small hole should be 
cut out near the top of the plastic bottle. Approximately ⅓ of the volume of the bottle 
should be filled with water. 
 
 
Figure 4: Gas Release Valve with PVC pipe and elbow attached to the pipe connector 
 
4) Pull the ends of the bag over the entrance and exit pipes. Wrap the ends of the bag around 
the pipes and fold them into tight pleats around the pipes. Wrap tape around the ends of the 
bag and fasten them into place. Lastly, tie with rubber strips to secure into place. These 
processes are shown below in figures 5, 6 and 7 to further understand the process.  
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Figure 5:  The students 
folding the bag around the 
entrance pipe. 
Figure 6: Students and Prof. 
Virgilio securing the bag with 
rubber strips. 
Figure 7: The bag fully 
secured. 
 
5) Close one pipe on one end with a screw-cap and a seal to prevent gas from escaping during 
installation as shown below. 
 
Figure 8: One of the pipe sealed before inflation of bag. 
6) On the other end, insert a hose that is connected to the exhaust pipe at the back of a car. 
Wrap the end of the pipe so the only opening is large enough for the hose. Make sure it is 
secured and completely sealed with tape and rubber strips, as shown in figure 9. 
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Figure 9: Inserting a hose into the bag to prep for inflation. 
7) Fully inflate the bags with the exhaust from a car. 
 
Figure 10: A student using the truck’s exhaust to inflate the bags. 
8) Then fill bag with water up to the height of the pipe. However, more importantly, make 
sure that the bottom end of the pipe is fully submerged under the slurry and that there is no 
gap for air to seep in as shown in the left image of Figure 11.  
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Figure 11: The left image shows the liquid level at the correct height. On the right, the slurry 
level is too low, allowing gas to enter inside the bag. 
 
 
9) The control pressure valve should be fixed to the gas pipe coming out of the security valve 
at the top of the bag.  
10) Once the bag has been installed, load it with waste material and water to begin producing 
gas. As waste and water is available, they should be led into the entrance pit. Refer to the 
“Loading the Biodigester” section for more details. 
11) After the slurry has settled at the proper level, the reaction will begin. The synthesis of the 
gas must take place in an oxygen-free (or anaerobic) environment. Due to the process of 
anaerobic digestion, it may take 70 days for the first reaction to produce gas. During this 
time, the biodigester will be releasing the oxygen that has entered the bag during 
installation and initial loading. 
 
Loading the Biodigester 
To ensure functionality of the biodigester and adequate reactants, the biodigester should be 
charged daily with new organic material and water mixtures, called slurry. The procedure below 
explains how this is done. 
 
1) As the pens of the cows and pigs are cleaned, organic material that runs through these pens 
must be led through the gutter. Maintain a proper concentration of the slurry at 10% solid 
waste. The slurry mixture flows out of the gutter into a wide entrance pit. 
 
 
48 
 
 
Figure 12: The gutter that runs from the pig and cow pen’s to the biodigester pit. 
2) From the entrance pit, the slurry flows through two pipes that are angled downward into 
the bags. The underground pit contains a tubular bag as shown below in figure 13.  
 
Figure 13: One of the two bags fully inflated in the pit. 
3) Every time the biodigester is loaded with organic material, stir the contents of the bag by 
moving an agitator through each of the four pipes. The agitator is a long, flexible pole with 
a wide end piece used to push the material further down the bag. 
4) Maintain the water manure level just above the height of the entrance pipes, which is 
approximately 60% of the volume. The other 40% of the space is where the gas is produced 
and stored until it is removed for use. This percentage is recommended for efficient gas 
production. Refer to figure 11 above.  
5) A pipe is attached at the top of the bag. The gas travels through the pipes and exits the 
biodigester. The gas can be collected from the pipes by connecting and inflating used inner 
 
 
49 
 
tubes which can then be transported to a desired location. See process for “Collection and 
Transportation of Gas” for details on these two methods for transporting the biogas. 
6) At the end of the biodigester containing the exit pit, there are two additional pipes angled 
upward out of the pit. As the contents of the bag rise higher than the height of the pipe, 
some of the material will begin flowing out into the exit pit. The exit pit contains a hole 
that leads into a second reservoir followed by a canal. 
 
Figure 14: Two pipes lead into the exit pit. 
7) From the canal, collect the residue into a wheel barrel and carefully transport to the field to be 
used as fertilizer. 
Collecting and Using the Gas 
After the biogas has been produced, it can be extracted using two methods. These processes 
are described in the following section. 
 
Method One: Pipes 
1. The gas will exit the biodigester through a pipe that is attached at the top of each 
bag and will enter a network of pipelines, leading straight to the livestock. 
2. The pressure of the gas controls the speed with which the gas travels through the 
pipe to the ignition site.  
3. Make sure that there is a security valve in the opening of the container or   
immediately before the ignition site. The flow of gas can be controlled using the 
valve. Open the valve when the gas has had enough time to reach the site. 
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4. Ignite or light the gas with a flame. 
 
 
Figure 15: Gas Pipes Leading into Stove 
Method Two: Recycled Inner Tubes 
1. Inflate old inner tubes with the gas from the pipe. Attach the valve at the top of the 
biodigester bag to the opening pin of the tire. 
2. To create pressure on the bag, place a small weight such as bricks or wood on the 
bag until the tire is fully inflated. This way, the gas will more easily flow out of the 
bag.  
3. Recycling old inner tubes is an efficient, low-cost solution to transporting the gas. 
Inner tubes can be rolled or carried to their destination and then placed on the 
ground in a safe area.  
4. Finally, connect the opening pin of the tire to a rubber hose or pipe with a security 
valve leading to the ignition site. 
5. Open the valve and ignite the gas. 
Extreme caution must be taken when handling the gas. When the gas is in use, leave the 
valve open, but when the gas is no longer needed, the valve must be closed for safety. Methane is 
a flammable, colorless, odorless gas and can be dangerous if it accidentally leaks out of its 
container for too long. In the case of gas leakage, if too much methane escapes the bag, the 
surrounding air can become very explosive and even cause suffocation to livestock. For more 
information on safety, please refer to the “Maintenance” section on page 15.  
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Uses for the Biogas at the San Francisco School 
  The biogas is a renewable resource that can be used to replace natural gas in the school. 
There are several areas in the school where biogas can be used. 
1. The biogas can provide fuel for the boiler located near the cheese factory. The heat acquired 
from this biogas fuel will enhance production in the factory. Additionally, the heat from 
the boiler can be used for the students’ dormitories to heat the water in the bathrooms. 
2. If sufficient biogas is produced from the biodigester, the kitchen can run solely on biogas, 
saving energy costs. In order to pursue this method of saving energy, it is crucial that 
enough biogas is produced because the supply of biogas required to power the kitchen in 
its entirety is very high. Additionally, it would be costly to convert the conditions of the 
kitchen, which is currently run by electricity, to a completely biogas-run environment. 
3. Heating the livestock at the school is another beneficial use for the biogas. The proximity 
of the biodigester to the livestock facilitates transportation of the gas for the purpose of 
heating the animals. 
After looking at all these factors,  the ideal location at which the biogas can be used will be 
determined by the supply of biogas produced, the areas of the school that demand the gas, and the 
distance between the  biodigester and the end-use of the gas. 
Maintenance:  
The efficiency and success of the biodigester will depend on the efforts of workers or 
students who are able to maintain the biodigester and make advancements to its construction. They 
are in charge of carefully monitoring the gas production and ensuring the biodigester is functioning 
properly each day. 
 
To Be Done Daily: 
Are there safety precautions that should be taken around the biodigester? 
Keep open flames and heat away from the biodigester. An unidentified gas leak can ignite 
and cause a dangerous explosion. Portable gas containers should always be stored in a well-
ventilated area so that the leaking gas can diffuse quickly. 
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How much water and solid waste should be added each day? 
The biodigester should be charged daily with new organic material and water mixtures. 
This amount should be approximately 50 liters per day, per bag (or 100 liters total).  The amount 
of water that should be added to the biodigester each day should be 450 liters, per bag (or 900 liters 
total). This is essential for proper functionality of the biogas system.  
How often does gas need to be released from the bag? 
The biogas will have to be used or released every day. If pipes are used to transport the 
gas, the gas valves can be opened to transport and use the gas at a desired location and time during 
the day. If inner tubes are being used to transport the gas, it should be collected more frequently 
as more and more gas is produced throughout the day. If gas is not needed over any period of time, 
for example, during vacations, the gas must still be released as it is constantly being produced, or 
saved in collection-containers. 
What can facilitate the movement of residue out of the bag?  
To aid the reaction in the biodigester, the liquids and solids in the bag must be stirred with 
an agitator. This prevents waste from solidifying at the bottom of the bag. Mixing the slurry located 
at the bottom of the bag with the organic material that has newly entered the biodigester allows 
the content of the bag to react consistently. This process should be repeated at least once a day or 
each time the biodigester is loaded.  
What should be inspected to ensure proper functionality of the biodigester?  
1. Check the pressure release valve to ensure proper water height. If the water is bubbling, 
then the digester is functioning properly.  
2. Check the entrance and exit pipes to ensure there is a proper level of organic material in 
the digester. If the level is too low, oxygen can enter and the reaction will not work 
properly.  
3. Check the bag for damage as well as any material sitting on the bag. Any rocks, mud, or 
leaves should be removed to prevent extra pressure on the bag. 
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What can be done with the reacted material, or residue? 
There are two additional pipes angled upward out of the exit pit. As the contents of the bag 
flow higher than the height of the pipe, part of the material in the bag will flow out. This residue 
will fall into a smaller pit located at the exit which will lead the residue to a second reservoir. From 
there, the residue can be collected and transported in a wheelbarrow to be used as fertilizer in the 
field.  
 
To Be Done Periodically:  
 
Should the biodigester be loaded differently on rainy days?  
During rainy days, the rain will dilute the material in the bag. The “door” to the gutter 
should be closed to decrease the amount of water that runs into the entrance pit. Slurry with a 
higher concentration of organic matter can also be added to the biodigester on rainy days to 
compensate for the decrease in concentration of the material.  
 
Figure 16: The cement block can be used as a “door” to block either of the two pathways the 
slurry can travel through. 
 
How often does the bag need to be replaced?  
Eventually, the material at the bottom of the bag solidifies and hardens. Due to this, the 
bag must be cut open and emptied. The bag should then be replaced. Replacing the bag every four 
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years should be sufficient if the material is stirred regularly. Refer to the “Installing the bag and 
beginning production” section, on page 7, for more details.  
How can the bag be protected from damage? 
A fence and a roof will protect the bag. A fence restrains animals and can be made from 
many materials, such as wire, tacuaras, or wood. A roof prevents direct sunlight. Sunlight dries the 
bag and it becomes brittle, even if it is treated with ultraviolet filters. Building a roof will provide 
shade for the biodigester, shielding it from the sun. Roofing can be made from many materials.  
 
Changes and Future Recommendations 
 
Efficient methods of using renewable biogas to create heat and to reduce energy costs were 
explored. Changes to the second biodigester were implemented in order to improve and increase 
biogas production based on the different needs and demands for the biogas at the San Francisco 
Agricultural School. A design of a third biodigester is proposed as well with additional changes 
which can increase efficiency of the biogas production.  Using the original construction of the 
second biodigester as a starting point, recommendations for an ideal biodigester design are listed 
below.  
 
1. Gas-Collection Containers 
Throughout the production of gas, the biodigester should be constantly monitored and the 
biogas should be extracted periodically to ensure that there is constant space in the bag during gas 
production. The process of gas production should not be restricted nor should the storage of biogas 
be limited.  
The collection containers also function as portable storage and can be transported to any 
location on the farm. If the gas had to flow a great distance through the pipes, it might not reach 
its destination fast enough.  Unless the gas was pressurized, it might not be able to travel through 
pipes in time simply by hydrostatic pressure. For this reason, collecting the gas in these containers 
facilitates bringing the gas to a further destination and allows the gas to be readily available when 
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needed. Then, the containers can then be connected to pipes that can directly heat the farrowing 
crates, boiler, or kitchen stoves. 
 
  2. Build a Roof 
  It is recommended that a roof be built over the biodigester, shown below in Figure 17, to 
cover the bags from rain, wind, and direct sunlight. The rain adds pressure to the bag and water 
falls directly into the pit. The direct sunlight causes inconsistent heating during the reaction in the 
biodigester and also degrades the bag. Therefore, the roof will help prevent these negative effects 
in the production of biogas. It can be made of tarp or a type of lightweight material that protects 
the outside structure of the biodigester. 
  
 
 
Figure 17: The proposed design of a roof to protect the biodigester from climate changes 
  
 
3. Incline of Pit Floor 
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Figure 18: Longitudinal section of biodigester 
with no incline 
Figure 19: Longitudinal section of 
biodigester with 2% incline 
  
It can be seen from figure 18 above that the floor is at a constant level throughout. If the 
level remains the same, the material will build up in one area and will not move through the bag 
with ease, restricting the amount of additional material that can be added. Therefore, it is 
recommended that the floor is declined toward the exit tubes (shown in figure 19) such that the 
material can easily flow out, allowing for more material to be added into the biodigester.  
Not only would the slurry be able to flow through the biodigester more easily, but adding 
an incline in the floor would also help the biodigester produce more gas. In general, the higher the 
amount of liquid and solid mixture in the bag, the higher the production of gas.  
Conclusion 
The biodigester provides a source of renewable energy for the farm that is low-cost and 
sustainable.  It is an efficient system that produces biogas, which is composed of mainly methane. 
For this reason, it can serve as natural gas and be very useful for the school's kitchen, dormitories, 
or livestock. Once the second biodigester functions properly, it will provide the farm with a 
continuous additional supply of biogas for years to come. Through its self-sufficient methods, the 
agricultural school will be able to use this supply efficiently and effectively.       
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